Sickness responses to lipopolysaccharide (LPS) were examined in mice with deletion of the interleukin (IL)-1 type 1 receptor (IL-1R1). IL-1R1 knockout (KO) mice displayed intact anorexia and HPA-axis activation to intraperitoneally injected LPS (anorexia: 10 or 120 mg/kg; HPA-axis: 120 mg/kg), but showed attenuated but not extinguished fever (120 mg/kg). Brain PGE 2 synthesis was attenuated, but Cox-2 induction remained intact. Neither the tumor necrosis factor-a (TNFa) inhibitor etanercept nor the IL-6 receptor antibody tocilizumab abolished the LPS induced fever in IL-1R1 KO mice. Deletion of IL-1R1 specifically in brain endothelial cells attenuated the LPS induced fever, but only during the late, 3rd phase of fever, whereas deletion of IL-1R1 on neural cells or on peripheral nerves had little or no effect on the febrile response. We conclude that while IL-1 signaling is not critical for LPS induced anorexia or stress hormone release, IL-1R1, expressed on brain endothelial cells, contributes to the febrile response to LPS. However, also in the absence of IL-1R1, LPS evokes a febrile response, although this is attenuated. This remaining fever seems not to be mediated by IL-6 receptors or TNFa, but by some yet unidentified pyrogenic factor.
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Introduction
Interleukin (IL)-1b is a potent inducer of sickness symptoms. When administered to animals it gives rise to fever, anorexia and stress hormone release (Berkenbosch et al., 1987; Dinarello et al., 1988; Hellerstein et al., 1989) . It has also been shown to be critically involved in several human monogenic autoinflammatory syndromes that present systemic inflammatory symptoms such as fever (Jesus and Goldbach-Mansky, 2014).
The transducing receptor for IL-1b, the IL-1 type 1 receptor (IL-1R1), is densely expressed on brain endothelial cells (Konsman et al., 2004; Liu et al., 2015; Matsuwaki et al., 2014) , and systemic administration of IL-1b results in endothelial prostaglandin (PG) E 2 synthesis (Ek et al., 2001) , a mechanism that is likely to account for the febrile response to IL-1b, since knock-down of the IL-1R1 as well as deletion of PGE 2 synthesizing enzymes in brain endothelial cells attenuate IL-1b induced fever (Ching et al., 2007; Wilhelms et al., 2014) . However, IL-1R1 is also expressed on peripheral nerves, such as the vagus nerve (Ek et al., 1998) , and a role for the vagus nerve in IL-1b induced fever has been reported (Gaykema et al., 2000; Turek et al., 2005; Watkins et al., 1995) , therefore suggesting that IL-1b may induce central sickness symptoms both through a humoral and a neural pathway (Quan, 2014) .
In light of the above data, it is surprising that genetic deletion of IL-1b or its transducing receptor has been reported to affect little if at all the sickness symptoms that are elicited by lipopolysaccharide (LPS), an immune stimulus that results in endogenous release of pro-inflammatory cytokines, including IL-1b. Thus, mice with deletion of IL-1b not only show intact acute phase responses (Fantuzzi and Dinarello, 1996) , but even display exaggerated fever and http://dx.doi.org/10.1016/j.bbi.2017.06.013 0889-1591/Ó 2017 Elsevier Inc. All rights reserved.
